This study aimed to finding alternative ways for centers with nonavailability of ultrasonography or fluoroscopy for nonoperative pneumatic reduction of intussusceptions. Materials and Methods: A total of 48 cases of intussusceptions were included in the study in-between October 2016 and March 2018. We tried stethoscope-guided pneumatic reduction using locally assembled equipment. The intraluminal pressure was monitored and maintained below 100 mmHg. A total of two attempts of 3 min each were allowed. We compared our results with the control group who have been performing laparotomy for every case of intussusception. Results: There were 35 males and 13 females in our study. The average age of the patients was 7.5 months. Intussusceptions were reduced in 38 (80%) patients but could not be reduced in 10 (20%) patients. Majority of the intussusceptions had symptoms of at least 2 days. There were no complications such as perforation in our study. Conclusion: Stethoscope-guided pneumatic reduction seems to be a feasible and alternative effective method for the treatment of intussusceptions in children where availability of ultrasonography and skilled radiologist with overburden of work is a great issue.
Introduction
I ntussusception is the invagination of one portion of the intestine (intussusceptum) into the contiguous distal segment (intussuscipiens), with the most common being ileocolic intussusception. It is the most common cause of bowel obstruction in the infant-toddler age group. Pneumatic reduction of intussusception is nowadays a well-established technique which has excellent success rate and minimum complication rate compared to barium enema and hydrostatic reductions. [1, 2] This is usually done under ultrasound guidance. [3] Availability of ultrasound machines and skilled radiologists is a significant issue in many centers. Our center has overburden of patients with unavailability of radiologist most of the time for this procedure. We have been performing stethoscope-guided pneumatic reduction. When intussusception reduces by pneumatic reduction, it produces whistling sound due to the escape of air in the proximal bowel, which is audible by the stethoscope. Our technique is simple and reliable that and children whose parents did not agree to the procedure. The children were symptomatic from few hours to 4 days with gastrointestinal symptoms such as vomiting, abdominal pain, diarrhea, and blood-stained mucoid stools. We compared our results with that of the control unit who have been performing laparotomy for every case of intussusception. Fifty-three patients of intussusceptions were admitted in the control surgical unit. Exploratory laparotomy was performed for every case. The intussusceptions were reduced manually in 42 cases, and resection anastomosis was performed in 11 cases either because of gangrenous changes, or severe serosal tear.
The patients were resuscitated using intravenous (IV) fluids and antibiotics. All routine blood investigations were performed including complete blood counts, blood urea, serum creatinine, and electrolytes. A nasogastric tube was also passed to decompress the bowel. When the patient was adequately resuscitated, he/she was taken for the procedure. The equipment used for the reduction included an aneroid sphygmomanometer pressure gauge with an insufflator, a hand bulb, release valves, a Foley's catheter, and a stethoscope fixed on the abdominal wall in the right iliac fossa with the help of a micropore tape [ Figure 1 ].
Criteria for complete reduction were as follows: 
Technique
The clinical diagnosis of intussusception was confirmed by ultrasound. Before attempting pneumatic reduction, it was ensured that the patient was well hydrated. The stethoscope was fixed on the abdominal wall in the right iliac fossa with the help of the micropore tape. The Foley's catheter (18 Fr) was introduced per rectum, and the balloon was inflated by 20-30 cc of saline. It completely occluded the rectum but was not overinflated. The patient's gluteal folds were strapped together to further ensure no air leakage during the procedure. Air was insufflated using the hand pump to a pressure of between 80 and 100 mmHg. The pressure was maintained for 3 min. The reduction of intussusceptions was assessed by listening to whistling sound by the stethoscope along with the other criteria. The procedure was repeated after 1 min if unsuccessful. A total of two insufflations were performed for 3 min each. Reduction of the intussusception was observed by the stethoscope. The patients' vital signs were monitored throughout the procedure with a pulse oximeter. The pneumatic reduction was considered a failure if no whistling sound was audible by the stethoscope, without a fall in pressure in the gauze and central abdominal fullness. After the second attempt for reduction, surgery was proceeded. Two attempts of 3 min each time were permitted. When the intussusception reduced, the patients were shifted to the ward and monitored. Follow-up ultrasound was performed on the same day.
Results
A total of sixty cases of intussusceptions were admitted in our unit. After meeting the exclusion criteria, 48 cases were enrolled in the study, out of which, 35 (68%) were male and 13 (32%) were female, with a female-to-male ratio of 2:1. The average age of the patients was 7.5 months. The most common type of intussusception at the time of diagnosis was ileocolic. The intussusceptions were reduced successfully in 38 (80%) patients and were unsuccessful in the other 10 (20%) cases. The process was abandoned after two attempts without any evidence of major complications in the ten cases. There were four cases of bowel ischemia intended for surgery; two had non-Hodgkin's lymphoma and Meckel's diverticulum acting as a lead point, and in the four cases, preoperative reduction was performed. There was no recurrence seen in our study. The average duration of the reduction process was 10 min, with the duration ranging between 8 and 15 min. The average pressure needed to reduce the intussusception was about 70 mmHg (range: 60-100 mmHg). Most of the children who had successful reduction were discharged on the 1 st or 2 nd postoperative day. Fifty-three patients with intussusceptions were admitted in the control surgical unit. Exploratory laparotomy was performed in all cases. The intussusceptions were reduced manually in 42 cases, and resection anastomosis was done in 11 cases either because of gangrenous changes, or severe serosal tear [ Table 1 ]. we also compared the procedure outcome with duration of symptoms and criteria for the pneumatic reduction as shown in Table 2 .
Discussion
Intussusception is a common abdominal surgical emergency in children, which needs prompt diagnosis and management. Nonsurgical reduction is widely accepted in many parts of the world in the last five decades. [4] [5] [6] Different centers have used different types of nonsurgical method of reduction based on their successful experiences. Barium enema is the standard procedure for the diagnosis and therapeutic reduction of intussusception. It has risks and complications. Pneumatic reduction under fluoroscopic guidance is claimed to be quick, safe, and clean, and it has been reported to have a high success rate. [5] [6] [7] [8] However, radiation exposure and failure to identify lead points and residual ileo-ileal intussusception are the limitations of fluoroscopy-guided reduction. [8] Ultrasonography (USG)-guided hydrostatic reduction has been recommended because there is no radiation exposure, and it can be used to accurately confirm a diagnosis and subsequent reduction. [4, [9] [10] [11] [12] USG-guided hydrostatic reduction can depict lead points and residual ileo-ileal intussusception more readily than fluoroscopy-guided pneumatic reduction. [1, 13, 14] Pneumatic reduction of intussusception has been practiced since the 1950s. The higher success rate compared to hydrostatic reduction is due to the inherent compressible effect of air that results in air dissecting between the intussusceptum and intussuscipien. This effect facilitates and expedites the reduction. [5] Pneumatic reduction of intussusception in children is a quick method of the management of intussusception. The only limitation of pneumatic reduction of intussusception is the availability of good USG machines and skilled radiologists. In many centers, surgical reduction is the only option due to nonavailability of ultrasonography. In an overburdened center like us (more than 200 USG procedures daily), it is very difficult to do pneumatic reduction in radiology suite. Initially we performed the procedure with radiologist in operation theater, but nonavailability of the radiologist we tried stethoscope inspite of USG machine for pneumatic reduction. We performed pneumatic reduction under short general anesthesia (GA) or IV sedation. The procedure is blind and sound based. We performed the procedure under GA to create a quiet environment to listen the whistling sound by the stethoscope; otherwise, it is not needed. This was shown in our study that an average of 10 min (range: 8-15 min for the whole procedure) is needed for the reduction to take place, that is, from the start of gas inflation to complete reduction. The short reduction time has also been reported in studies in many centers. [5, 8, 11, 15] Patients have a shorter hospital stay (2 days) with this procedure. Clearly, the cost of surgical management far outweighs that of pneumatic reduction, especially in uncomplicated cases. Our study findings demonstrate that stethoscope-guided pneumatic reduction is a feasible and effective technique for nonsurgical reduction of pediatric intussusception; it has a good success rate without radiation exposure to either the patient or the medical personnel. In this study, the overall success rate of stethoscope-guided pneumatic reduction was 80%. The success rate (84.4%) was similar to that of another study. [16] The previously reported [6, 7, 15, 17] perforation rates with various techniques were in the range of 0.14%-2.80%. There were no complications seen in our study, especially bowel perforation. We used sedation/short GA in our study. Some authors suggested that sedation could mask the signs of shock during the procedure, [12] straining during the reduction procedure protects against bowel perforation, [12] and the increased intraabdominal pressure caused by crying and straining results in rapid reduction. [12, 18] In our study, sedation helped us to listen the whistling sound by the stethoscope during the procedure. Our series has proven that pneumatic reduction is safe and effective and can be easily performed at any hospital, where facility for US machine is not available. We also compared our results with that of the laparotomy cases. There were a good number of cases who had been operated with per-operative reduction. Hence, we can avoid laparotomy in such cases where USG machines and skilled radiologists are not available.
Conclusion
Stethoscope-guided pneumatic reduction seems to be a feasible and effective method for the treatment of intussusceptions in children where the availability of ultrasonography and skilled radiologist is a great issue. Stethoscope-guided pneumatic reduction is a blind but audio-observed procedure with a good success rate without the help of costly USG machines and skilled radiologists. With this technique, we can avoid unnecessary laparotomy (81% as done in control surgical unit) and their lifetime complications for reducible intussusceptions in case of nonavailability of ultrasonography.
